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THE RELATION OF THE COMTOSITION OF THE 
LEAF TO THE BURNING QUALITIES OF TOBACCO, 


INTRODUCTION. 

Of the many requirements for a first- cl ass smoking tobacco, whether 
for pipe or cigar, good burning qualities may he said to most im- 
fjortant. Not only are these essential in themselves, but the character 
of the combustion and the conditions under which it takes place 
(‘onstitute one of the principal factors Avhicli control the aroma, 
file widest variation is found among samples of tobacco as regards 
the burning qualities, and it frequently happens that an entire crop 
of the best quality in other respects is rendered almost valueless be- 
cause it will not burn. The ultimate cause of this variation iu 
I m ruing qualities must be sought in differences in chemical com- 
position. Experience has shown that chemical composition of 
lohacco, as reflected in its burning qualities, is greatly influenced 
l)y the character of the soil, the climate, wet and dry seasons, and the 
kind of fertilizers applied to the soil. Moreover, there is good reason 
lo lielieve that certain strains or types of tobacco pos.sess the power of 
:iI>propriating from the soil those constituents conducive to a good 
biirii, while other closely related types under the same conditions are 
i-u-king in this power. * 

It is evident, therefore, that an accurate knowledge of the chemical 
'•haracteristics of good and bad burning tobaccos is of fundamental 
i'iitX)rtance in deciding upon the proper selection of soils and fertiliz- 
f'l ' in order to get the best results. It is highly probable also that such 
II formation would prove of great assistance in tobacco breeding in 
'■'Uiblishing strains possessing specially good burning qualities, hi- 
'I'dly, it is well known that independently of the successful growing 
' f a good tobacco crop the curing and fermentation are important 
h^' tors ill developing a good burn, and with a more complete knowl- 
' of the chemical changes taking place in these processes further 
'Movements in the methods now, in use may be expected, for with 
^“■i'er information as to the changes to be effected it will be much 
to develop the best methods for obtaining these results. 

31H2~No. 105-07 M 2 
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BURNING QUALITIES OF TOBACCO. 


As applied to tobacco, the term ‘‘ burning qualities is a compre- 
hensive one, including several different elements, chief of which are 
the fire-holding capacity, the evenness and completeness of the burn, 
and the character of the ash. The fire-holding capacity refers sim- 
ply to the length of time the tobacco will continue to burn. Fre- 
quently samples of tobacco which possess a satisfactory fire-holding 
capacity show a tendency to carbonize, or ‘‘ coal,” in advance of the 
burning area and will not burn evenly. In some cases these defects 
appear to be due to injudicious combinations of the three component 
parts of the cigar, namely, the filler, the binder, and the wrapper; 
in other cases the cause lies in the chemical composition of the leaf. 
As to the quality of the ash, the important characteristics are the 
color and the firinnes.s or cohesiveness. There is an essential differ- 
ence between the combustion of most substances and the burning of 
tobacco. In the fii*st case, the substance when ignited burns with a 
flame, and as soon as the flame is extinguished the eximbustion ceases. 
On the other hand, tobacco of good quality will not burn with a 
flame, but will continue to glow almost indefinitely. 

It may be said in general that those substances which show the 
greatest tendency to burn with a flame have the least capacity for 
glowing, and vice versa, and this rule is applicable to different kinds 
of tobacco, for in cases of very rank growth wht^re the leaf is thick 
and coarse or in any tobacco markedly deficient in mineral constitu- 
ents there is a decided tendency to burn with a flame, whereas tlie 
capacity for glowing is lacking. The differences in the two kii5(h 
of combustion arc well illustrated by the case of coal and its decoiH' 
position products when subjected to dry distillation. The volatile 
products, the larger portion of which goes to make up the illuniimit- 
ing gas, are inflammable, ^vhile the residual coke, consisting esseii 
tially of carbon, yields no flame when burned, but under favorabk' 
conditions will continue to glow urttil consumed. Now, in the bunt- 
ing cigar these two processes are both going on simultaneously and 
more or less independently, of one another. The organic constituctits 
of the leaf in the region immediately in advance of the burning 
are undergoing the process of dry distillation, in which the volaiik* 
products for the most part escape and appear in the smoke, 
over, it is this process which gives rise to the aroma. As the iuv 
advances, the residue from the distillation, which consists of 
mineral constituents of the tobac(?b, together with more or less ear* 
bon and stable organic condensation products, becomes incandesce rd* 
and the glow continues until practically all of the combustible 
is consumed, leaving as the final residue the ash. If certain of tke 
mineral constituents of the tobacco which interfere with the cem- 
bustion predominate, the resulting ash will be dark in color, whik ^ 
105 
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others which favor the complete combustion j)i*edominate, the ush 
will \)e, white, or very nearly so. 

From what has been said it is perhaps not surprising that the rela- 
tion of the chemical composition to the burning qualities of tobacco 
early attracted the attentioir of agricultural chemists, and this prob- 
lem has led to a large number of purely chemical investigations, as 
well as practical field experiments, lint although more than fifty 
years have elapsed since the publication of the first important paper 
on the subject, by Schlosing, no one has as yet been able to offer a 
satisfactory explanation of the conduct of differerjt kinds of tol)acco 
as regards their burning qualities. Many theories have In^eii put for- 
ward from time to time, but they have all proved to be either funda- 
tiientally erroneous or inadequate to explain all the facts. Except a 
few general relations which have been pretty fully established, the 
results obtained by different investigators have led to widely different 
:ind oftentimes contradictory conclusions. It will not Ixi necessai’y to 
discuss or even mention here all the work which has knin published 
on this important subject, and only those facts which seem to k best 
siij)ported will be briefly reviewed. 

In comparing the composition of the tobacco plant with that of 
ether agricultural crops, the most striking characteristic is its re- 
markably high content of mineral matter, commonly spoken of as 
the ash. In some cases the ash content reaches 25 per cent of the 
lotal weight of the dry tobacco leaf, and the average is well above 15 
l)('r cent. For this reason by far the greater portion of the work of 
<hemists on tobacco has been devoted to the study of the composition 
I'f this ash. 

Broadly speaking, there are two methocls of attacking the problem 
•d the relation of the composition to the burn, one of which may be 
Sillied the analytical and the other the synthetical. Nearly all of the 
iinestigations on this subject fall under the head of the analytical 
iii(‘thod, which consists simply in making comparative analyses of 
samples of tobacco having good and poor burning qualities, and at- 
k'lnpting to trace tk relation between the differences in composilion 
a lid the good and bad burning qualities. An examination of the 
mi position of a typical tobacco ash will sliow how extremely diffi- 
failt it is to draw any positive conclusions from any set of analyses 
iiich will not be subsequently contradicted by other analyses. 

the first place, there are preseqt in tobacco three inorganic acids 
d three bases, all of which occur in sufficient quantities to exert an 
'•i portant influence on the burn and all of which are subject to wide 
'^nations in quantity in different tobaccos. With such complex 
^ ‘^1 iations it is almost impossible to single out those differences which 
^^aily exert determinative influences on the bum. But more impor- 
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taut still, wit li SO many acids and bases present in the leaf, tliere is the 
possibility of very considerable ditferences in the distribution of the 
latter among the former, and in some cases these differences would 
certainly exert a very important influence on the burning ([ualities. 
It is (]iiit(‘ impossible, however, to obtain any information as to the 
way in which the bases arc distributed between the acids in different 
tobaccos by any available, methods for the analysis of the ash. A 
very large iuiml)er of analyses have been made of the ash of various 
sorts of tobacco grown in different parts of the world, but no one has 
been abb? to point out any constant relation between the varying 
quantities of the constituents of the ash and the differences in 
burning qualities. 

It is to be regretted that in all these analyses no attempt has been 
made to distinguish between the sulphur existing in the plant 
sulj)hate and that combined with organic compounds, although ii 
has long l)een recognized that both forms are actually present, and in 
the <‘ase of some plants it has been found that the content of organ ir 
sulj)hnr is much greater than that of sulphates. By the method- 
commonly used in the preparation of the ash for analysis, varving 
proportions of this organic sulphur are oxidized to sulphuric acid, 
wiule the remaiiiclor is lost; hence such analyses are valueless as a 
lueasure of the quantity of sulphate originally contained in tla* 
sample. 

As op])osed to the method of directly analyzing samples of toba(‘<‘o 
with good and bad burning qualities, what may be called the syn- 
thetical method ■’ consists in determining the effect on the burn of 
adding to tobacco or some other suitable substance those compounib 
normally occurring in the leaf. It is difficult to get quantitative 
results in this way, but, on the other hand, positive results in a quali- 
rative way can be obtained, which in the case of any one coustitnciii 
added are largely independent of the effects of the other constituent-. 
In this way conclusions are based on direct experiment and do not 
depend on the differentiation of several factors operating simultane- 
ously and perhaps in opposite directions. 

Schldsing* was the first investigator to study the problem by liii" 
method. He showed that the fire-holding capacity is not proj^of 
tional to the amount of potassium nitrate, and concluded that potadi 
in combination Muth organic acids is the principal factor favmii'i-^ 
this property. If the potash is «ombined with sulphuric acid aii'l 
chlorin and the organic acids are in combination with lime, a p"''- 
hnrn results; hence a tobacco with good burning qualities com 
])otash in excess of that equivalent to the sulphuric and hydrocti’'"’!^ 
acids. Schlosing attributed the beneficial action of the potash 

" Landw. Vers. Stat, 3, 98. 
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of the organic acids to their peculiar property of swelling up to 
many times their original volume a‘iul thus yielding a j)orous mass of 
finely divided carbon when decompost^d by heat. 

Nessler" made a large numl)er o'f experiments oil the eti'ects of 
various salts on the glowing capacity of iilter paper, his method 
being simply to impregnate strips of (he j)ap(‘r with solutions of the 
salts of <lefinite strength. TIis prineipal eoneliisions are (1) that 
potash, especially in the form' of sulphate and earixmate, acts very 
favorably on the fire-holding capacity, while lime and magnesia exert 
no marked effect except t(j wliiteii the ash; (:i) that chlorids arc very 
injurious, and (3) that potassium nitrate gives a <[uick but incom- 
plete combustion, while calcium and magnesium nitrates act very 
favorably. Xessler admits tluit the organic potash salts favor tlie 
fire-holding capacity, but combats I lie theory of Schlosing in ex- 
planation of their favorable action. He ]M)ints out that the ease with 
which these salts are decomposed by heat leads to carbonization, or 
"coaling,'' of the tobacco in advance of the burning area, Avhich is a 
very undesirable property; and, moreover, that potassium sulphate, 
1 ‘utirely lacking the property of swelling and yielding a carbonace- 
ous residue when heated, also exerts a markedly beneficial influence 
on the fire-holding capacity. Xessler assumes that the favoi’able ac- 
(iou of potash salts^ is due to the formation of a small amount of 
free potassium during the combustion, which serves as an enei-getic 
oxygen carrier; or, in other words, it h simply a catalytic action. 

Mayer ^ has supplemented this work liy including in his experi- 
iiionts many organic compounds, and concludes in general that tliese 
iattei* favor the burning with a flame, while they decrease the glowing 
'■apacity. The inorganic salts in general, especially those of jiotas- 
"iiini, favor the glowing capacity. 

Xessler and jVfayer based their conclusions on the supposition that 
die compounds tested would exert the same irifluem^e on tobacco as on 
filler pa})er, but this is by no means the case. The chief ix^ason for 
dtis appears to be in the relative sensibility of filter paper and tobacco 
icward the salts affecting the glowing capacity. Filter paper, which 
i' alino.st pure cellulose, is extremely sensitive toward metallic salts, 
when moistened with a solution of any of the potash salts con- 
^iiitiing even as low as .25 per cent of potash will continue to glow 
iii'lefinitely, while, on the other hand, ten times this quantity may 
ciidrely de.stroy this property. Tobacco contains, beside.s ceIlulo.se, 
*'!‘Uiy other organic substances which are far less combustible, and 
lu lire requires much larger quantities of these salts to produce appre- 
effects on the burning qualities. For example, small quaiiti- 
bft ' of potassium chlorid greatly improve the glowing capacity of 

" Landw. Vers. Stat, 19, 309. ^ Laudw. Vers. Stat., 38, 120. 
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filter paper, but when applied to tobacco in sufficient quantities to 
influence the burn the effect is very injurious. Conclusive results 
can not therefore be obtained by the use of filter paper alone ; 
nevertheless they are of value as supplementing the test applied 
directly to the tobacco. 

Dr. E. H. Jenkins determined the amounts of potassium carbonate- 
in the ash of a number of different types of tobacco, which is a rough 
measure of the quantities of organic "potash salts originally pres(‘iii 
in the unburned tobaccos. No constant relation was found to exist 
between the amount of carbonate and the fire-holding capacity, and 
Jenkins concludes that the burning qualities are largely influenci-d 
by the organic constituents of the tobacco. 

Van Bemmelen ® maintains that the glowing capacity is governed 
by the relative quantities of alkali and of hydrochloric and sulphurit- 
acids — expressed in chemical equivalents — in the tobacco. In good- 
burning samples the potash is largely in excess of the acids, whilt^ 
in the bad-burning samples the acids are equal to or in excess of tin' 
alkali. Apparent exceptions to this rule are explained by the ns- 
Rumption that the potash may be partly replaced by lime and mug 
nesia. This theory appears to be the nearest approach to the Irui' 
explanation of the cause of the good and bad burning qualities of 
tobacco of any yet offered, but the assumption that the favondiln 
influence of the potash on the burn may be also exerted to any ('on- 
siderable extent by lime and magnesia under certain condition- i- 
contrary to the evidence bearing on this point. 

Fesca'^' from his studies of Japanese tobacco, concludes that oldoriii 
and sulphur have a very unfavorable influence on the burn. l>ni 
phosphorus is indifferent. 

Barths ^ agrees in general with the conclusions reached by 
and Mayer, and believes that the beneficial effect of potash salts ;uv 
produced by the reduction of the potash compounds to potas>iinn 
oxid and free potassium, which serve as energetic oxygen can iei'"- 
us was suggested by Nessler. The injurious effects of certain in"*’- 
ganic salts are due either to their nonreducibility or to theiv*i‘a>y 
fusibility. The alkali phosphates are regarded as particularly m]' ' 
rious because of their easy fusibility. 

Summarizing the results obtained by the investigators mentioijeJ 
it is evident that the only two facts which have not been dispaii'‘f 
are (1) that chlorin injures the'' fire-holding capacity and (2) thit 
potash iavors this property. . 

The effects of sulphates and phosphates and the relative Vfii’io o 
the different salts of potash in promoting the fire-holding 

«Ann, Rpt. Conn. Agr. ExpL Sta., 1884, p. 96. « Landw. Jahrb., 18SS 

f Landw. Vers. Stat., 37, 409, ^ Landw. Vers. Stat.. ^ ‘ 
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are disputed points. The same is true also of the effects of lime and 
magnesia on the burning qualities. The two facts which have not 
been contradicted are insufficient in themselves to explain the burn- 
ing qualities of different samples of tobacco, for it rarely happens 
that tobacco contains enough chlorin to produce any injurious effects, 
and it frequently happens that samples ver/ rich in potash have a 
poor burn, while others comparatively poor in this constituent show 
excellent burning qualities. , 

It seemed quite possible that some further light might ho thrown 
on the subject by extracting different samples of tobacco with various 
solvents and noting the effect on the burning qualities. It should be 
stated here that all samples of tobacco used in (he experiments de- 
scribed in this paper had been thoroughly fermented, and the results 
are not intended to be applied to unfermented tobacco. Extraction 
of various samples with petroleum ether and with ordinary ethyl or 
sulphuric ether did not appreciably affect the burning qualifies. 
When strong alcohol was used as the solvfmt the same result was 
obtained, except in a single case, where the fire-holding capacity was 
considerably improve.d by the extraction. 

More striking results are obtained when tobacco is extracted with 
water. The following simple experiment is very interesting and 
instructive; A lea^ of tobacco having a good glowing capacity is 
divided along the midrib into twm parts; one of which is extracted 
for forty-eight hours with a comparatively large volume of distilled 
water. After being dried the extracted portion of the leaf will be 
found to have entirely lost its glowing capacity, Now, if the extract 
l)e evaporated down to a very small volume and a bit of the extracted 
leaf saturated therewith and dried, it will once more show a good 
fire-holding capacity. Whether this is less or greater than the orig- 
inal leaf possessed will depend, of course, on the concentration of the 
extract. This extract will further impart a good burn to filter paper 
and to other samples of tobacco showing poor l>urning qualities. 
I'his simple experiment seems to prove conclusively that the active 
[irjnciple or principles in imparting to the tobacco leaf its capacity 
for holding fire can be extracted with water. 

The problem, then, is to determine the composition of the extract 
and to discover which of its constituents contribute to the burning 
qualities of the tobacco. One hundred grams of tobacco having a 
good bum were extracted with liter of distilled water; the extract 
poured off and the tobacco again ‘extracted with the same quan- 
tity of water for twenty- four hours longer. The extracts thus ob- 
tained were combined, filtered, and evaporated to about 150 c. c. 
Ifuring the evaporation a considerable quantity of calcium citrate 
^^'parated out, which was removed by ^tration. The filtrate was 
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made up to 200 c. c. and aliquot portions were taken for analyses. 
The principal constituents of the extract are the chlorid, sulphate, 
nitrate, citrate, and inalate of potassium, together with ammonium 
aiKl nicotine salts and small quantities of lime and magnesia. For 
comparison, the ash of the extracted tobacco was also examined and 
it was found that practically all of the phosphoric acid, about one- 
half of the magnesia, all of the oxalic acid, and the greatei' portion 
of the lime remain in the leaf, while the extract contains nearly all 
the chlorin, all the potash, malic, citric, and nitric acids, and 'most 
of the sulphuric acid. About one-half of the total ash is extracted 
from the leaf by this process, and this seems to contain all the con- 
stituents which impart to the tobacco the capacity for holding fire. 

An extract of a tobaicco having poor burning qualities was pre- 
]pared in the same way, and it also showed the power to impart the 
capacity for holding fire, but as nearly as could be measured this 
power was only about one-fifth of that shown by the extract from 
the tobacco having goftd burning qualities. It differed from the 
latter as regards composition in that it contained about five times as 
much sulphuric acid, twice as much magnesia, and considerably less 
nitric acid. The total quantity of potash was about the same in the 
two extracts, so that the extract from the tobacco with poor burning 
qualities contained much less potash in combination with the organic 
acids. The difference in composition of these extracts, then, obtained 
from tobaccos having good and bad burning qualities, indicates that 
the principal factor favoring the burn is tfie potash in excess of tlie 
amount required for combining with the mineral acids. 

EFFECTS OF THE VARIOUS CONSTITUENTS OF THE ASH ON THE 
BURNING QUALllriES OF TOBACCO. 

The experiments previously described show conclusively that those 
compounds which are most important in promoting the burn of 
tobacco can be removed by extraction with water; but the water 
extract is a complex mixture of salts, and it is therefore desirable 
to determine the relative effects of each of these constituents. Jn 
order to do this, solutions of certain definite strength were prepared 
of all of the salts which are found in the extract, and the effects of 
all these on the burning qualities of various samples of tobacco when 
applied singly or in combination were noted. In testing the effect - 
of any one base combined with the different acids the solutions were 
all made of such strength that the quantity of the basic element w;t' 
always the same, regardless of the molecular w'cights of the salts UM-d 
in the experiments. The salt solutions were applied to small strij’' 
of the leaf, either by placing them in a watch glass and pouring over 
them a quantity of the solution to be tested just sufficient to tli^r- 
105 
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oiighly saturate thoni, thus avoiding anv leaching out of the soluble 
const ituenls of the leaf, or by spraying the strips and allowing thorn 
to stand in a moist atmosphere until the solution had diffused through 
the leaf. In every ^ease a strip of the lt‘af adjoining the jmrlion 
treated M’ith the ‘solution was reserved for (‘oiirparison. The tests on 
different samples of tobaeeo did not always* agree, as was (o be 
expected, since the (jiiantities uf the various salts already present in 
the leaf are subject to wide vjiriatioi). and these ditlenuu'es in some 
(■as(*s may ovei>hadow the effects of tlie salt addcal. for the same 
reason the concentration of the solution added must he taketi into 
account. To overcome these factors it is necessary to a])ply each 
test to a number of different samples of tobacco. The tests on 
tobacco were always further su})])]emeiited wi'th similar ex[)erimenls 
on strips of filter paper. 

There are three base- forming elena'uts wlu(‘1i o(‘cu?' hi tobacco in 
sufficient quantities to require consideration— ])otassiu in, calciiii]!, and 
magnesium— while the important mineral acids are sulphuric, phos- 
phoric, hydrochloric, ami nitric, and the chief organic acids are citric, 
malic, and oxalic. Little is Iniown of the actual distribution of the 
three bases among the acids and so it is lUHTssary to test all of th(‘ pos- 
sible combinations. It is jirobahle, however, that tlic sulphuric, 
nitric, and liydrocldoric acids are for the most jiart eomhined with 
potash so far as the quantity of this base present will suffice to neu- 
tralize the.se acids and that any e.xcess of potash would la* in combina- 
tion with the organii' acids. All of \he oxalic aciel ap|X‘ars to he 
combined with lime. If the acids and bases were allowed to interact 
in the presence of water, the distribution of the bitter among the 
lormer would be controlled simply by tlie relative solubilities of the 
resulting salts and the strengths of the acids and bases: Imt during the 
life processes of the plant, which do not cease until some time after 
die tobacco has l^en placed in the curing shed, other forces Fome into 
play, and it hardly seems probable tliat there is sufficient water left 
in the leaf after the life activities have ceased to permit of a readjust- 
liieiit between the acids and bases according to, purely chemical forces. 

POTASSIU-U. 

All the salts of potassium are soluble, so that there is no difficulty 
in testing the salts at any desired concentration. Those most used 
1"!' applying the tests to tobacco cmitained 1 per cent and 2 per cent, 
respectively, of potassium, while for tests with filter paper much 
’'r*aker solutions gave the best results. In the case of the chlorid it 
'■as found that the addition of copiparatively large quantities prac- 
destroyed the burning qualities of tobacco, while moderate 
•’niounts caused very incomplete combustion, leaving a heavy black 
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residue. While chlorin is undoubtedly injurious, these experiments 
all indicated that it requires larger quantities to seriously affect the 
burning qualities than is commonly supposed. /The sulphate, when 
added in any considerable quantity, invariably injured the burning 
qualities very markedly, acting in this respect very much like the 
chlorid but to a lesser degree. The conclusion reached by Nessler 
that potassium sulphate is highly beneficial, which was based on ex- 
periments with filter paper, is thus shown to be erroneous. Potassium 
nitrate in large quantities causes tobacco to burn explosively and the 
combustion is incomplete; in smaller quantities it exerts a distinct- 
ively beneficial action, but not more so than some other potash salts. 
The quantity of potash combined with nitric acid in tobacco is gen- 
erally comparatively small, and other forms of potash are more im- 
portant in promoting the fire -holding capacity. As regards the phos- 
phates, only the dipotassium salt need be considered, and this appears 
to be practically neutral in its action, neither promoting nor hinder- 
ing the fire-holding capacity. Moreover, as compared with the otlirr 
important acids the quantity of phosphoric acid is nearly always 
smajl. The oxalate, citrate, malate, and acetate of potash all showed 
very benefi(‘ial effects in every case, though much larger quantities 
were required for some samples of tobacco than for others. Exces- 
sive amounts of these salts, on the other hand, injured the burning 
qualities, especially as regards the character of the ash. Also avIk'Ii 
applied to filter paper in smajl quantities, the latter acquires a good 
fire-holding capacity, whereas large amounts again destroy thi^ 
property^ The acetate is considerably less efficient in improving tiu* 
fire-holding capacity than the other three organic salts, probably 
on account of its greater stability. 


Considkable difficulty is met vfith. in getting accurate tests wiib 
the calcium salts because nearly all of them are difficultly soluble, 
and lienee solutions can not be obtained of sufficient strength to give 
decided results. Only the chlorid, nitrate, and acetate are el^dy 
soluble, and of these the nitrate shows an anomalous conduct, and 
the results obtained with this salt are not specially significant. In da' 
case of the insoluble salts, emulsions were applied to the tobacco, but 
of course results obtained in this way are not as reliable as those 
cured by use of solutions. The cMorid of calcium is very injunuu? 
to the fire-holding capacity and decidedly more so than the 
sium salt, so that even small quantities destroy this property, f -‘-j 
cium sulphate in moderate quantises injures the bum markedly an' 
to a greater extent than the corresponding potassium salt. The elh'd 
of the nitrate of calcium on the burn is somewhat surprising. 1^^ ^ 
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sample of tobacco with good burning qualities is saturated with a 
10 per cent solution of the nitrate and dried, it burns with extrenu^ 
rapidity, almost ex^^losively, and gives a remarkably white ash, whde 
with samples of tdbacco with poor burning qualities scarcely any 
beneficial effects are produced. More dilute solutions, such as were 
used in the case of the other salts, do not produce any appreciable 
effects. Moreover, it requires a concentrated solution to impart to 
filter paper a good firediohhug capacity. It seems likely that the 
effects of the concentrated solution on tlie tobacco with the good 
burning qualities are due largely to reaction of the calcium nitrate 
with potash salts in the leaf. So far as could be determined no 
marked effects are produced by adding calcium phosphate to tobacco. 
The acetate of calcium is of special interest because it is readily sol-, 
iible and thus furnishes an opportunity of comparing the relative 
effects of potassium, calcium, and magnesiiim on the turning qiyili- 
ties^ Of a large number of samples of tobacco tested a few aw re im- 
proved the acetate, but the greater number were scarcely affe(Ted 
as regards the capacity for liolding fire. lu eveiy case, how<‘ver, the 
color of the a,sh was very materially improved. None of the remain- 
iug .salts of calcium to be considered are easily soluble, but so far as 
could be determined they neither injure nor improve the fire- hoi ding 
capacity to any considerable extent, but all give a decidedly Avhiter 
ash. 

MAGNESiq^f. 

All the salts of magnesium are readily soluble except the 
phates, and so it is much easier to get satisfactory results with them 
than is the case Avith the calcium compounds. The chlorid and sul- 
phate are both very decidedly injurious to the burn, and the addition 
of even small quantities Avill destroy the gloAving capacity of tobacco 
having the very best burning qualities. The sulpliate is much more 
injurious than the corresponding calcium salt. The nitrate acts very 
much like the calcium compound, but its action when applied in con- 
centrated solution is less marked. When applied to filter paper it 
shoAV's the peculiar property of charring the paper in wave-like forms 
much in advance of the burning portion. The phosphate of mag- 
nesium appears to be more injurious to the bum than the correspond- 
ing calcium compound. The acetate Avas found to injure the burning 
qualities in every case, but to a ksser extent than the inorganic salts, 
riie citrate, malate, and oxalate in a fcAv cases did not interfere with 
the burn, but in the ^eater number harmful effects were observed. 
-^11 of the salts of magnesium, like those of calcimii, tend to produce 
^ white ash, * 
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MINERAL AND ORGANIC^ ACIDS. 

Id describing tlie results of the tests with thc/, vanoiis sans inrso 
have been grouped under the lieads of the tluTe bases, potassium, 
calcium, and magnesium, but it is also instructive to consider them 
arranged according to die acids with which these bases are combined. 

(jhlori(h. — All of the chlorids injure the burn, but that of potas- 
sium much less than the calcium and magnesium salts. 

Sidphates. — All of the sulphates injure tlie fire-holding capacity, 
but to very different degrees. The potash salt is decidedly less harm- 
ful fhan that of calcium, while the magnesium compound is remark- 
ably injurious, being comparable with the chlorids in this respect. 

Nitrates .— potash salt is very favorable to the burn, but,tlu‘ 
Valcium and magnesium compounds produce little effect except when 
prCvSent in very large (juantities, 

Fhosphates . — Di potassium jihosphate is practically neutral in its 
effect, Mdiile the calciump and magnesium salts are somewhat harmful. 

Salts of organic acids . — The potassium salts are very favorable to 
the burn, the calcium salts are slightly beneficial, and the magnesium 
salts are somewhat injurious. 

It would seem from these results that the elfect on the fire-holding 
capacity of any element entering into the composition of the ash de- 
pends more on the nature *of its combination than on the quantity 
which is present. In the case of sulphuric acid, for example. 
considerable quantity combined with potash would not seriously 
injure the glowing capacity, while even a small amount of it in com- 
• bination ^?ith magnesium would entirely destroy this property. 
Again, the organic acids when combined with potash are very Ihmic 
ficial, but in combination with magnesia their favorable influemr 
entirely disappears. 

It is evident that the one element on whicli the fire-holding capacity 
is entirely 'dependent is potassium. * But it is equally essential (hat 
part of the potash be in combination vdth organic acids, for it i- 
to this form chiefly that its beneficial action is due. The nitrate oi 
potash when present^ in considerable amounts undoubtedly contrih 
utes also to this property. Schlosing.-as has been said, attributO'i 
the beneficial effects of the organic potassium salts to the pcculiai 
property which they possess of swelling up to many times tl*' 
original volume when decomposed by beat, thus leaving a vi'cy 
porous, finely divided residue oi carCon, which continues to glow uiitil 
combustion is complete. This explanation, however, is inadequiU''- 
for there are other salts which promote the glowing capacity but <i<’ 
not yield the carbonaceous residue when heated. 

It will be observed that all the potash salts which favor the pro]- 
erty of glowing, including the nitrate, yield in the combustion tlic 
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carbonate. It was found, in fact, that the carbonate itself is just as 
efficient in iin^^arting the property of ‘'lowinfj to tobacco as tlie* 
orj^aiiic salts, and the same is true of the bicarbonate. This fact 
[)oints strongly to I he conclusion that the favorable action of tlie 
])otash salts is dependent on the east^ with which they yield the car- 
bonate. It seems possible that the carbonate (»V bicarbonate by alter- 
nately giving otf and taking up Ciirbon dioxid may serve as a means 
of removing Ibis gas at the n^ost favorable moment, the effect lK*ing 
somewhat the same as when nitrates render organie substances com- 
bustible by supplying oxygen in a highly concentrated state. It uiay 
he, howevei*, that the potassiiiiii oxid formed from the earhonate is 
further reduced to the jnclallic: state })y the highly heated carbon, thus 
serving as an energetic’ oxygen cai’rier, as was suggested l)y Nessler.^ 
Whatever may be tlie peculiar pro])erties of thes(‘ potash salts wliich 
give, them the power of impai’ting the property of glowing to tobatp), 
it is certain that these pro|>erties ai'e not shan'd by the salts of 
calcium ai^d magnesium except to a very limited ^legn^e. 

While the inorganic salts of calcium are injurious to the fire- 
holding capacity, the compounds of this base considered collectively 
fuay he said to be inert with I’eference to this quality. The com- 
jjounds of magnesium are all injurious, hut the harmful effects are 
greatly reduced wh,en the magnesium occurs in combination with the 
organic acids. 

The question has often been raised whether lime and magnesia may 
not, in part at least, replace potash without injuring the burning* 
qualities. Many ash analyses which have been made s(^etn to indi- 
cate that this is the case-, while others point to the opposite view. 
This assumption is made by Van Bemmelen " to explain the fact that 
in some samples of tobacco which show a good fire-holding capacity 
the total quantity of potash is only very slightly in excess of that 
necessary to neutralize the sulplyiric and hydrochloric aiids. But 
Van Bemmelen 's calculations are all based on the ash analyses, and it 
luis been pointed out that the estimation of the sulphuric acid in the 
I shrives no indication of the quantity of sulphur actually present in 
die tobacco in the form of sulphates and thercfoic that the amount of 
qotash in organic form may be* ‘considerably greater than calculations 
'•ased on these data would indicate. 

In so far as lime alone is concerned the conclusion to be drawn 
U’om our experiments is that this qan only replace part of the potash 

hen the latter is present in combination with 'organic acids in 
'i'nintities larger than afe necessary to produce a good burn; for while 
"Jganic salts of lime do not appear to injure the fire-holding capacity, 
uiey do not specially favor it. The amount of potash in organic form 
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necessary to impart the property of glowing to tobacco no doubt is 
bifinenced to some extent by variations in the other organic constitu- 
ents of the leaf, but our experiments have sin wn that excessive 
quantities of these salts tend to injure the bur’^ by causing a too 
rapid combustion. It may happen, therefore, that a sample of 
tobacco contains more organic potash than is necessary to produce 
the li^ burn, and in such cases a portion of it could be replaced to 
. advantage by lime. Since magnesia ccmpounds as a whole tend to 
injure the bum it seems certain that the replacement of potash to any 
considerable extent by this element would seriously injure the burning 
properties. 

For purposes of experimentation looking to the production of 
Jobaccos possessing superior burning qualities, either by means* of 
fertilizers and improved methods of curing and fermentation or by 
breeding and selection, it is very desirable to have at liand some 
method of testing the results by chemical examination. This is 
especially true Ijcca.nse of the complexity of conditions which influ- 
ence the qualities of tobacco. For example, if the attempt is made to 
improve the burning qualities by the use of certain potash salts, with 
a view to inci’easing the amount of potash in organic form in the 
tobacco, the result of the experiment may be entirely obscured by 
extraneous factors, such as improper curing and fermentation, if the 
fire-holding capacity alone were determined. Of course, in this 
particular case chemical analypis would reveal whether the objeci 
‘sought had really been attained, but there are other questions of 
chemical composition pertaining to this problem which can only be 
measured with difficulty by the methods at present available. Thi> 
is especially true of the manner in which the bases are distributed 
among the acids in tobacco and whether this distribution is essential! v 
different in different samples. 

All of tile important organic acids, and also nitric acid, when com- 
bined with potash seem to be about equally efficient in promoting 
the fire-holding capacity. Oxalic acid, however, is probably always 
combined with lime and so it is of little value in this connection. 
Since a portion at least of the potash combined with organic acid-, 
as well as that present in the form of nitrate, will appear in the adi 
of the tobacco as carbonate, the determination of this latter quantity 
gives a rough measure of the amount of these salts originally present 
and is therefore by far the most important single criterion for judg- 
ing the burning qualities in a chemical way. . 

We have tested a number of samples of tobacco grown in Gott- 
necticut in this way, in each case using one half of the leaf for test- 
ing the alkalinity of the ash and the second half for finding the fii'^* 
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holding capacity. To obtain some indication as to whether lime and 
magnesia can partly replace the organic potash, the alkalinity of the 
ash due to these ba^s was also determined, but the evidence on tins 
point was all of a nlgative character, for the alkalinity due to liniie 
and magnesia collectively did not show any a()parent relation to the 
glowing capacity. In the case of the alkalinity due to potash — that 
is, the quantity of the potassium carbonate— however, there is unmis- 
takable evidence of a close relation l)etween thest^ values and the 
capacity for holding fire, and if the method were I’cally a true meas- 
ure of the organic potash it is believed that there would be very f^w, 
if any, exceptions to this rule. 

The samples used for this test were selected with sj)ecial* refei'ence 
to the tobacco-breeding experiments which arclxiing carried on by the 
Bureau of Plant Industry, and were taken fnjin crops produced from 
the seed of individual selections of four di tie rent types of tobaijo 
originally found growing in the same field. Both the light a^d tlie 
dark wrappers were examined in each case, and every instance the 
former as compared with the latter sliowed a mn(!li great(n' hro- 
liolding capacity and a much higher percicntage of potassium car- 
bonate in the ash. Also as regards the sairu*. grade of leaf of the 
different strains of each type, as well as of the different ty])es taken 
collectively, the potash alkalinity was foujid to hv, directly propor- 
tional in nearly every case to the capacity for holding fire. This was 
especially true of the di^ereiit stmms of any one type. These 
lobaccos w^ere all grown under as uniform conditions as coidd be ob- 
tained with reference to soil and fertilizers, and tlie rcstilt^ make it 
very probable that certain types or strains of tobacco possess the 
])ower of appropriating potash in forms favorable to the burning 
qualities to a greater degree than others growing under the same con-^ 
ditions, though further data are required to fully prove this point. 
The question is certainly a very important one from the standpoint 
of practical tobacco breeding and is worthy of very careful study. 

THE CHARAGTEH OF THE ASH. 

A tobacco with satisfactoryjmrning qualities l>esides having the 
necessary capacity for holding fire must also yield a good ash. 
Although the organic potassium salts greatly favor the fire-holding 
‘apacity, they tend to produce a mottled, dark-colored ash. This is 
no doubt due to the easy fusibility of the alkali c^bonate, which in 
nielting incloses very small particles of unburned carbon and thus 
prevents complete combustion. Moreover, these salts when present 
•n considerable quantity show a* tendency to cause the tobacco to 

coal ” or carbonize in advance of the glowing portion, because they 
'decompose so readily when heated. 
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The fact that the calcium and maf^uesiiun salts produce a white ash 
has already been mentioned, and at least one of these is essential to 
this property. On the other hand, tobacco (fentaining excessive 
amounts of lime gives an ash which, although it ^s very light in color, 
lacks cohesion, or, in the language of the trade, it “ flakes.” This is 
a very objectionable property and must always be taken into account 
in judging the burning (pialities of tobacco. The potash salts, more 
especially the organic compounds, yield an ash which is firm and 
compact but dark in color. From these facts, then, it is clear that 
l>otash and lime combined in the proper proportion are. essential to a 
firm, light-colored ash. There is no apparent reason to suppose that 
magnesia is of any special significance in this connection further than 
the fact that it acts like lime. 

THE RELATION OF THE ORGANIC CONSTITUENTS TO THE 
BURNING QUALITIES. 

The organic conljiounds constitute the material which is consumetl 
in the combustion of the tobacco, and in some way the mineral coii- 
stituents, more particularly the potash salts, impart to this material 
the property of burning Avithout tlame. If the mineral constituents 
are extracted from a leaf of tobacco, it Avill then only burn with a 
flame, the glowing capacity having been entir^y lost. However, 
some of the organic coihpoiinds show a greater tendency to burn with 
a flame than do others, and hence act less' favorably on the glowing 
capacity, for, as has been stated, these tAvo qualities usually stand in 
inA^erse iMtio to one another. The principal compounds or classes 
of compounds Avhich need to be considered in this connection are cel- 
lulose, the organic acids, pectin, the so-c^alled tobacco tars, plant 
wax, the sugars, nicotine, and other organic nitrogenous compounds. 
For the purpose of studying the composition of the leaf Avith refer- 
ence to its burning qualities Ave may consider cellulose, Avhich con- 
stitutes from 10 to 15 per cent of the total Aveight, as the fundamental 
or basic material, Avhich receives its capacity for gloAving from cei - 
tain mineral salts. Pure cellulose in the form of filter paper i- 
exceedingly sensitiA^e to the catalytic •action of these mineral salt * 
very small quantities of them being sullicient to cause the paper m 
burn Avithout flame indefinitely, but Avhen the other organic constitii 
ents of tobacco are present this sensibility is greatly affected an'l 
much larger quantities of tlie catalytic agent are necessary to,pi’"- 
duce a good fire-holding capacity. Cellulose, then, must be consith 
ered* as a A^ery favorable factor in promoting this property of hold' 
ing fire. 

There are a large number of organic acids normally occurring n* 
tobacco, but of some of these practically nothing is known. xVtteii' 
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tion has been oalletl to the fact that eitrii*, malic, oxalic, and acetic 
acids in combiptioii with pot a si i exert a very favorable inlluenct 
oil the burning qinwities. It was found by direct (‘X[)eriineiit tlijij 
these acids in thj*’free state injure these qualities, but as tliey 
probably never occur free in fermented toliacco this fact is of little 
consequence. Citric and n alic acids are iindouhtedly of fundamental 
importance in producing good burning qualities, but since oxalic 
acid occurs in combination whli lime and not with potash in tobacco 
it is of little value in tliis respect. Pectin and tlie pecloses are 
present in considerable quantities in cured tobacco leaves, l)iit* ac<“f)fd- 
ing to Schibsing, these are all converted into peclii* acid' during the 
jirocess of fermentation. A sam])]e of peetje, acid prepared fi’om 
fermented tobacco was found to produce no iiijiu y to tlic firediolding 
capacity; in fact, ‘when combined with potash it acted, favorably on 
this property. 

According to Kissling, the tobacco tars, consisting of a,r/fixture 
of a numher of chemical individuals, exert an mu port a at iuHiieiice 
on the .quality of the product. Some of these are of an acid charac- 
ter, while otljers are iiidilferent substances. When toliacco is ex- 
tracted with large volumes of water, as previously described, <‘on- 
siderable quantities of these tarry acids combined with nicotine and 
other bases pass into solution, and on evaporation of the extract 
the salts are decomposed, the nicotine volatilizing^ and the tarry 
acids being precipitated, i Tlicse acfd§ in the free state were found 
to be decidedly injurious to the Inirning qualities, but tiiey occur 
in tobacco in comparatively small quantities. 

A number of samples of tobacco of very poor burning quality were 
extracted with alcohol to determine if this srdvent would remove 
any constituents deleterious to the buru, hut with the exc'ept*ion of a 
single case this, treatment did not improvi* the tobacco in this respect. 
The constitneots removed by extraction witli alcohol ai^■ nicotine 
combined with acids, tannic acid, glucosidcs, sugars, and the tars and 
(arry acifls; hence it appears that none of these compounds are of 
special importance v.dth reference to the burn. Direct experiments 
showed that glucose does not-piaterially influence the liurning quali- 
fies. Nicotine is the characteristic alkaloid of tobacco and is of great 
importance with reference to its *|7hysiologieal action, hut its salts 
were found to have no effect on the burn. In addition to nicotine the 
important nitrogenous constituontt? are t,lie amido compounds and the 
albuminoids. It is generally believed that .the iimido ’ compounds 
*'Xert a favorable and the albuminoids an unfavorable influence on 
fhe desirable qualities of tobacco, including the burn, although there is 
little experimental proof of this theory. The quantity of plant wax 
■occurring in tobacco is too smalhto affect the burning qualities. 
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SUKMABT. 

The principal facts brought out by the expepmeuts which have 
‘bten described on the relation of the chemical^ composition to the 
burning qualities of tobacco may be briefly summarized in the follow- 
ing general statements: 

(1) The fire-holding capacity is dependent primarily on the con- 
tent of potash combined with organic acids, 

(2) Lime in general does not greatly affect the fire-holding capac- 
ity, but js an essential factor in the production of a good ash, 

(3) Large amounts of magnesia tend to injure the capacity for 
holding fire. 

(4) Chlorin injures the burning qualities, but it seldom happens 
that tobacco contains enough of this element to do any serious harm. 

(5) Sulphates in general injure the burning qualities, but tlie 
effects are not so marked when all the sulphuric acid is combined 
with potash. 

(6) So far as is knowm none of the organic constituents of tobacco, 
with the possible exception of the so-called tarry acids and the albu- 
minoids, exert a very important influence on the burning qualities. 

From these conclusions it appears that the principal objects to 
be attained in efforts to improve the burning qualities of tobacco by 
breeding and by improved' methods of production, especially in the 
use of the propA* fertilizers, are (1) a relatively high content of pot- 
ash combined with citric and inalic acids," with a minimum amount 
of inorganic salts, especially chlorids and sulphates; (2) a moderate 
content di lime; (3) a comparatively small percentage of magnesia, 
and (4) a low content of organic nitrogenous compounds, more espe- 
cially the albuminoids or proteids. Of Ihese problems the fii>t 
mentioned is altogether the most important from a practical stand- 
point and also the most difficult to solve. It' has long been known 
that the muriate can not be used as a source of potash in the pn> 
diiction of tobacco which is intended for smoking purpose^, because 
of the injurious effects of the chlorin. The other available sourc(“" 
of potash at the present time are the sulphate, the carbonate, and tlie 
silicate. 

Schlosing,® in his experiments with the use of the sulphate as ;i 
fertilizer for tobacco, found that the potash is assimilated, while tte 
content of sulphqric acid is not increased. Jenkins,^ on the otlu f 
hand, in experiments conducted at the Connecticut AgricuUm-^^ 
Experiment Station and extending over a period of several yea! -> 
has'^hown that the composition of tobacco ash is profoundly mo' j 
tied by the use of different forms of potash and thatcipplications 'd 
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the sulphate greatly increase the quantity of sulphuric aciil in the 
ash. The carbonate would seem to be an ideal form in which to 
supply the potash foiMcombining with the organic acids in the plant, 
and its use has generally been found to improve the burning (juali- 
lies. But, aside from the high cost of this material, there are otber 
serious objections to its use, for it has a very strong alkaline react ioin 
and it seems probable that when used in large quantities it will 
eventually injure seriously the productiveness of the soil. Tlie sili- 
cate is free from these objectionable properties, and if the potash 
can be made available therejs every reason to believe that thik wilt 
prove to be a very valuable source of potash for toUicco. 

The sum of the lime and the magnesia in tqbacco does not, as a 
rule, vary widely ; or, in other words, the greater the amount of lime 
the less will be the amount: of magnesia, and vice versa. TIu' a])j)]i- 
cation of fertilizers containing magnesia increases tlie ])ercentage ofi 
this element in the tobacco, but when used in die form of th^e.car* 
lionate the injury to the burning (pialities would Jie' reduced to a 
minimum. It is believed, however, that the use of ^fertilizer salts 
containing magnesia in the form of sulphate is inadvisable. 

The percentage of organic nitrogenous compounds, including nico- 
tine, is generally proportional to the luxuriance and vigor of growth; 
lienee tobacco of very rank gi'owth contains excessive quantities of 
these constituents. Again, these substances are -most abundant when 
tlie plant is, as a whole, growing mosV yapidly, and also in the most 
rapidly growing parts of the plant. Conditions favorable to rank 
^U’owth are brought about by the use of excessive quantities of i;jtrog(*- 
Mous fertilizers, especially when the nitrogen is in readily available 
forms. The chief danger from this source, however, lies in the appli- 
ration of quickly available forms of nitrogen during the later stages 
of growth, thus preventing or delaying the normal ripen in g of fhe 
loaf. Since the percentage of alburr.^noids decreases rapidly through - 
out the ripening process after the leaf has reached its full growth, 
this is an important reason why tobacco should not be harvested 
loitil ^he leaf is well ri|)ened. 
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llxtraction of tobacco with various soivents, effc'cts on buruiiif'giualities. _ j:i 

Extracts of tobacco, water, coiUiKJsilioiu 14 

Fertilisers contain iiif;: inafiiiesia, use -b 

Flame, buniiiif' with, and eouibustioii [U'ocess in tobacco, diffi* re rices S 

iiiiprovoiiient of J^minj' ([ualities, objeets to be attained 24 

lA‘af, eoinprtilliWff; relation to bnrninf' (pialities, previous inv('stif>:!itions__ 10 

l.iine, effect on character of ash ^ JJ 

Magnesium salts, effects on burniii}' ([ualities • 17 

Nitrates, effects on burning' ([ualities ^ , 18 

Nitrogenous constituents, couditions favoring (excessive [(reduction 2,7 

relation to burning (luali ties J.*{ 

( irgaiiic acids, relation to burning qualities-.^ • J2 

salt;.', effects on burning qualities 18 

constituents, relation to burning qualities 22 

Fliosidiates, effects on burning qualities 18 

I'otash, effect on character of ash 21 

fertilizers, effects of different forms on composition of ash-*_i*._^ 24 

for tobacco, available sources ! 

partial reidaceineut by lime and magnesia lb 

i'otassiiiui salts, effect on burning qualities l!) 

Sulphates, ellects on burning qualities 18 

Sulphur in tobac.'co, two forms 10 

Tars, tobacco', relation to burning qualities 2d 

Water extraCs of tobacco, composition 14 
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